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Description 



The present invention relates to a method and apparatus Gndhndual and collective protection filters) for 
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cyanogen chloride. More particularly, the 



removal of cyanogen chloride from an air steam containing ^^.^ry, v 

present Invention is directed to an activated charcoal or carbon filter which is especially effective fn 
removing cyanogen chloride from the air. 

The use of activated carbon or charcoal which has been ..... „ „ (M , f(W „ 

pounds as a filter to remove toxic gases has long been known, during both World Wars 1 and 11, gas masks 
containing activated charcoal Impregnated with copper and copwr oxides were used to remove hydrogen 
cyanide. More recently, combinations of copper, silver and chromium have been employed with activated 
charcoal to remove euch toxic agents as hydrogen cyanide arid cyanogen chloride. The copper Impreg- 
nated charcoal was called whetlerite. after C. Whetzel was instrumental in Its development. 

Military air filters have employed activated carbon impregnated with various compounds which are 
effective in removing specific toxic gases not readily control ted jy carton alone. In the U.SA, a chromium 
catalyst formed in situ on the carbon has been effectively usee against the vapor cyanogen chloride. Use 
of this catalyst has, however, led to a number of problems. 

1 . The catalyst looses effectiveness when "aged" under certain conditions of humidity and temperature. 

2. Conditions required to form the catalyst including carbon type and processing methods are critical and 
may be hard to achieve. ' 

3. Chromium Is carcinogenic and a potential hazard If carbon £ust is inhaled. 
Over the years a number of modified compositions have open tried which tend to Improve the aging 

characteristics of the filter with respect to cyanogen chloride removal These have been based on addition 
of organic amines to the chromium impregnated product While a number of different types of amine 
compounds have been tested, the most effective has been triethylenediamine (TEDA), fn the last 10 years 
the British Military has employed TEDA in combination with chrimium salts to augment cyanogen chloride 
removal by their gas masks. | 

A search of the prior art has uncovered patents which dispose a variety of agents for enhenefng the 
effectiveness of activated carbon tor the selective sorption of gases. 

U.S. 4,212,852 to Afbe et at discloses a method for using activated carbon having supported thereon 
metal compound of vanadium, molybdenum or tungsten to deodorize gases containing ammonia, amides 
and/or hydrogen sulfide. 

U.S. 4,1 1 1,633 to Evans discloses activated charcoal impregnated with triethylenediamine end a mixture 
of iodine and potassium to remove iodine from a nudear reactor effluent stream. 

U.S. 4,040,802 to Dertz et at discloses activated charcoal impregnated wfth a tertiary amine, euch as 
triethyionediamlne and iodine or bromine to remove methyl iodine from a nuclear reactor effluent stream. 

U.S. 3,739.550 to Martin et at discloses activated carbon impregnated with a mixed catalyst which 
Includes a vanadium compound end et least one compound of >otassium, lithium or barium to desulfurize 
carbon dioxide containing waste gases. 

British Patent 1.123.822 discloses activated charcoal Impregnated with piperazine or triethylenediamine 
to remove iodine from nuclear waste effluent. 

U.S. 3,355,317 to Keith et at discloses the use of the w „, , 

molybdenum on activated carbon to remove hydrogen cyanide from tobacco smoke 

U.S. 2,920,050 and U.S. 2,920,051, both to Blacet et al. c escribe the preparation of whetlerite type 
filters which Include copper, chromium, silver and molybdenum impregnants. 

In addition to the foregoing prior art patents, the comprehensive 1946 Government study entitled 
"Military Problems With Aerosols and Nonpersrstent Gases". Volume I, sponsored by the Office of Scientific 
Research and Development (OSRD), describes the use of activated charcoal impregnated with various 
agents tor removing noxious gases. Such as principally for gas rrjasks devices 

Authored by Grabenstetter et at. Chapter 4 of the 1946 OSRD reports describing the use of copper 
stiver, chromium and molybdenum or vanadium impregnants (on activated carbon to remove hydrogen 
cyanide and cyanogen chloride. Numerous organic base impregnations of charcoal are disclosed rndudlno 
amines such as diethyiene triamine end others. 

Ji; S ' < i 331f953 * Gf008e — &t8Q]oeos u » <* ASC whetlerite impregnated wrth triethylenediamine 
surtable for removing cyanogen chloride from a gaseous mixture. 

G.B. 2,167,725 to Alder erej discloses an absorbent material surtable for removing toxic gases from a 
gaseous mbtture comprising an activated carbon having Impregnated thereon at least one transition metal 
salt of a non-cbelatmg carboxylic acid. Such materia] may also additionally contain triethylenediamine 



oxides of cobalt, copper, one. iron and 
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According to the present invention there is provided a rmjthod for removing cyanogen chloride from an 
air stream containing cyanogen chloride using an actuated!***™ ^T^^T^. 
tensed in that said activated carbon or charcoal does not corU a transrtron metal ^"J^^ 
carboxylic acid nor chromium, but does contain tr^tertedjarnine as a replacement for chromium In an 

amount for effectively removing cyanogen chloride. ^ ^ 

The present Invention Is particularly directed to the use W a whstterite type sorbent which avoids the 
use of a carcinogenic chromium component Activated carboi or charcoal that has been impregnated wrth 
tristhyienedlamine as a replacement for chromium has been found to be particularly effective for gas masks 
for removing cyanogen chloride and without the need for chromium. The activated carbon or charcoal also 
may be Impregnated with copper and/or silver for removal of additional toxic gases or vapors. 

Another aspect of the present invention is a method for removing cyanogen chtonde from an air stream 
using a whetlerite type filter material which comprises activated carbon or charcoal that has been 
impregnated with aqueous solutions of the soluble sate ¥ copper and silver (type AS), and which 
additionally contains triathylenedlamine (TEDA) as a repfccAnent for chromium. Experiments have been 
performed to determine suitable impregnation methods and oeding levels of TED A as a M^rnerrtfor 
chromium. Loadings of *-6% TEDA (by weight) have been stown to yield a fifterwhich ^teU.S^r^ 
specifications for cyanogen chloride removal, even when compared against the corrverttionat chromium 
Impregnated carbon or charcoal (type ASC). Performance of the TEDA Impregnated filter after aping far 
exceeds that of chromium based material. I ^ . 

The respective amounts of these components present in the Impregnating solution are typically as 

follows: I ■ . 

Copper, up to 20 weight percent, preferably 7 to 15%. for example, as copper carbonate; 

Sliver: up to 0.5 weight percent, preferably 0.03 to 0.1, added for example as silver nitrate; 

Trtethylenedlamlne: 1 -0 to 7.5 weight percent, preferably 2 to 6% . ^ , 

Also In accordance with the present Invention there is provided a gas mask device for removing 
cyanogen chloride gas from an air stream containing cyanogen chloride comprising a housing means 
containing activated carbon or charcoal, characterised In thai said activated carbon or charcoal does not 
contain a transition metal salt of a non-chefating carbolic acid nor chromium but does certain 
triethylenediamine as a replacement for chromium in an amouM for effectively removing cyanogen chloride. 

The present invention also relates to type AS whetlerite bharcoal impregnated with triethylenediamine 
as a replacement for chromium in an amount effective for removing cyanogen chloride from an air stream 
containing cyanogen chloride a transistion metal salt of a non-f hetating carboxylic acid. 

The precursor niter material used In the present invention can be conventionally prepared in accor- 
dance with the procedures described by the two patents to placet et al. (U.S. 2S20.050 and 2520,051). 
Thus, activated carbon particles are Impregnated wtth solutions of the respective salts of copper and eiiver. 
followed by drying. Typical procedures and formulations Mr copper and silver impregnations are also 
described by Grebenstetter et eL in the 1946 OSRD report, supra , which Is Incorporated herein by 
reference. Drying of the initially Impregnated carbon can be carried out In a ftuidlsed bed. oven, or air 
stream at temperatures of about 93- to 31S-C (200* to 600 • ^preferably about 177* to 232*C (350- to 
450 • F). tt *s also desirable first to dry the initially Impregnated carbon at a lower temperature of 107* to 
135-C {225- - 275 *F) followed by heat treatment at a hlghir range of 177" to3l5*C(350' to6Q0*F)- 
Thereafter, Impregnation wtth TEDA can be carried out by arfding an aqueous solution of the amine to the 
metal Impregnated carbon, followed by drying at about 65' to|l49'C (150-F to 300*F). 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The following description and examples provide details of the manner in which the embodiments of the 
present Invention can be made and used to effectively reniove cyanogen chloride from afr without the 
presence of chromium. The examples shown ere based on afctuarf «^™rnai^w^^i^wmplary of 
the present Invention, the examples should not be construed "~ r ' 1 kt 

variations which would be within the purview of one skilled In 
scope of the invention. 



» specifically limiting the Invention and such 
the art are to be considered to fall within the 



Preparation of Impregnated Samples 



Samples were prepared in which triethylenediamine 
material impregnated with copper and silver (type AS). Th< 
prepared (samples 83-003 through 83-014) were msde from 



(T=0A) 



was added to a whetlerite type fitter 
first set of ASTEDA samples which were 
various precursor carbons and employed a 
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range of TEDA loadings to test the effects of these variables oh cyanogen chloride protection. The steps 
Involved In sequentially Impregnating, drying and heat-treating the base material, and Impregnating wtth 
TEDA are described below. The resulting fully impregnated carbon samples, were used to evaluate the 
effect of TEDA on cyanogen chloride life in the absence of chromium. Activated carbons were impregnated 

8 with a solution containing soluble copper and silver salts. The carbon contained about 7.5% copper and 
0.05% silver. The product was dried In a forced air oven at 149 • to 188* C (300 * - 370 • F) 

The dried AS carbon then was impregnated wfth TEDA by idding an aqueous solution of the amine to 
give a series of products with TEOA loadings ranging from 1 .5% (to 7.5% (by weight). 

Some samples were prepared by spraying an aqueous TEDk solution onto the carbon and others were 

10 made by soaking it wfth the TEDA solution. In alt TEDA impregnations, the final product was dried at 110-C 
for 3 hours, ( 

A second set of AS/TEDA samples, including sample numbers 83-102 through 83-112, was prepared 
using the fluid bed processing conditions shown In TABLE 1 ftfr heat treatment of the AS precursor The 
fluid bed method of heat treatment provides Improved ammonia desbrptlon characteristics compared to the 
tb treatment In the forced air oven. H 

TABLE 1 



so 



an 



Fluid Bed Processing Conditions For Heating Type AS Material 



Fluid-bed vessel diameter cm (inches) 
Ruidizing velocity m/s (ft/sec) 
Test mode 

Residence Time (mln.) 
Atmosphere 
Temperatures •C( # F> 



10^(4.0) 
12.6(2.0) 
Batch 
5 arid 10 

Air and simulated flue gas 
135 and 191 (275 and 375) 



90 



35 



? ™ 1™ Z Safnp,9S 00>007 ^ based on cabon Impregnated wfth the AS solution and 
suppfemerttod wtth TEDA applied by spraying amounts ranging rom 1.5% to 75%. The precursor type AS 
whetierltes were conventionally prepared using the forced air o>en. Maximum benefit of TEDA is obtained 

Z IS* *H 9reater ? ,0adin9S Cyan ° 9 ^ ch,orWe * * "mpto» Wars to 

be dependably above 40 mmutes(min) and aging had no detrimental effect. 

TABLE 2 



60 



Cyanogen Chloride Life Comparison for Type AS Carbons Impregnated With TEOA 



Sample No. 83~( ) 



003 
004 
005 
006 
007 
008 
009 
010 
011 
012 
013 



%TEDA 



1.5% 
3.0% 
4.5% 
6.0% 
7.5% 
3.0% 
6.0% 
8.0% 
6.0% 



Method 



Spray 

Spray 

Spray 

Spray 

Spray 

Soak 

Soak 

Spray 

Sprey 



Original Life (Min) 



37.1 

40.9 

40.7 

48.2 

42.1 

33.2 

39.8 

403 

40.0 

nil 

nil 



Aged Life (Mln) 



275 

34.4 

56.1 

41.0 

44.7 

28.1 

41.1 

35.0 

35.0 

nil 

nil 



bed S^LIT ^ * * amp, * S ' tof the AsUetlerite precursor was made using fluid 
™^fZT ^ BT * m TABLE 3 ' ^ were at) made with a 6% TED* 2 A 

number of different heat treatment temperatures were used ranging from 135- to 427 -C (5s? J^S'r 
and effects of both air and flus gas as purge gases wore tested ^ to 800 F), 

. IX* 9 AS^DA products the average original cyanogen ch/bride life for 8 samples was 42.9 min After 
aging, the cyanogen chloride life was 39 8 min. ~ ^ 0 ^ was mrn - After 
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TABLE 3 
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Cyanogen Chloride Lite Of Chromium-Free Products Containing 6% TEDA 



Sample No. <83-{ ) 



102 
103 
104 
105 
106 
107 
108 
109 

110 

111 
112 



Aim 



AS/TEDA 



Air 

Air 

Air 
FG 



Tempj 



275 -F 

800* 

350- 

400 

500 

660 

800 

350 

350 

350 
350 



Cyanogen Chloride Life (Min.) 



Org. Avg. 



45.0 
415 
405 
39.6 
40.7 
44.9 

4ai 

42.3 
Avg. 425 

3S.8 
Avg. 385 

30.4 

29.2 
Avg. 29.8 



Aged Avg. 



383 
36.4 
34.2 
39.7 
39.4 
50.6 
39.6 
40.2 

Avg. 39.6 
35.5 

Avg. 35.5 
28.0 
32.0 

Avg. 30.5 



• Flue Gas 



25 From the foregoing, it wtll be seen that the use of TEDA as an Impregnating agent with Type AS 

wherlerltos yields Improved cyanogen chtoride protection. Thus, TEDA can replace chromium and eliminate 

the various problems associated with the use of this metal. 

Although only preferred embodiments are specifically [illustrated and described herein, ft will be 

appreciated that many modifications end variations of the present invention are possible In light of the 
so above teachings and within the purview of the appended <|laJms without departing from the spirit and 

Intended scope of the Invention. \ 

ft will also ba appreciated that the experiments conducted and reported herein Involve Type A5 

whotlerttes since this is the materiel most suitable for use for protection against a variety of gases. However, 

it should be understood that the use of TEDA as a chromium substitute with charcoals other than Type AS 
M is also comtemplated since the effectiveness of TEDA alone [wis been amply demonstrated for removal of 

cyanogen chloride from air streams. 

Claims 

40 1. A method for removing cyanogen chloride from an air steam containing cyanogen chloride using an 
activated carbon or channel-containing filter, characterised in that said activated carbon or charcoal 
does not contain a transition metal salt of a non-chefatjng carboxylic acid nor chromium, but does 
contain triethyienedlamlne as a replacement for chromium in an amount for effectively removing 
cyanogen chloride. 

46 

2. A method as claimed in claim 1, characterised in that safd trtethytenediamine is present in an amount 
ranging from 1 .0 to 7.5 weight %. 

i A method as de/med *n ctetm 2. characterised in that sad trtethytenediamine Is present in an amount 
so ranging from 4 to 6 weight %. 

4* A method as claimed in daim 1, 2 or 3, characterised in that said activated carbon or charcoal further 
includes up to 20 weight percent copper. 

as 5. A method as claimed in claim 1, 2 or 3. characterised h that said carbon further Includes up to 0.8 
weight percent silver. 



j 
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2^"* 88 aaim '* i W Cteim 1 " 2 ' ° r 3 ' charactarised ,n saW ^rt** 1 furthar Includes copper and 

7. A method as claimedin dalm 6. characterised in that said , arbon further includes from 5 to 20 weight 
percent copper and from 0.03 to 0.1 walgrrt percent silver. ~ 8 



i^^^rr^ T m0V ' n9 ° yan0B9n Ch ' 0rfd0 B8S ^ w air stream containing cyanogen 
SSL^S f 2 "houstno means containing activated c rton or charcoal, characterised Tin WsJE 

S^TS^,,^ 5 WS nW COmain B t*"" 0 " " ielal * a delating carboxyllc acid 

- • * <°< — - an 

9 - its zs sisu in 8,81 ww ^ ^ or ^ ^ **- 

10. A device as claimed in daim 8, characterised in that the copter content is from S to 20 weight percent. 
itS ZSfi^XZ* ^ ^ -P"— -*« - — - further includes 



12. A device as daimed fn claim it. characterised in that the 
percent 



silver content is from 0.03 to 0-1 weight 



^ ^^^tr 13 dalm 8 ' C * araCter,Sad " ld 4"^ ~*» or chrcoel further includes 
14 f^to^^r " ^ 8 10 - - content ,s 



16. A device as claimed in claim 14, characterised in that the 
weight percent 



triethylenediamlna content is from 2 to 6 



16. Type AS whettente charcoal impregnated with triethylenediamlna as a replacement for chromium in •» 
amount effective for removing cyanogen chloride from an air stream coSSS^ZZ^S^l 
net including a transition metal salt of a non-chelatlng carbojc aSd ^ °' 

Pate ntansp ruche 

r J"*" 7° z ™ f^f™ von aus emam Chlorcyan enthaltanden Uitetrom durch Verwen- 

dung elnea Aktrvkohle Oder Hotzkohle enthaltenden Fitters f ^ UW1 V8rwen 

dadurch gekennzelehnet, 

^r^^r th^?^ *" 0b ^«^"^al^ nichtcheuubildenden Karbon- 
SS^ferSeT ^ ™*' tend '"™ n * S * «»rom In einer Menge emhalt die 



2. Verfahren nach Anspruch 1, 
dadurch gekennzelehnet 
dafl dae TriSthylendiamin in einer Menge Im Bereich von 1.0 



3. Verfahren nach Anspruch Z, 
dadurch gekennzelehnet 

dafi das TriMthylendiamm in einer Menge Im Beraich von 4 b|s 6 Gewrtfrtsprozent vorhanden iat. 

4 Verfahren nach Anspruch 1,2 odor 3, 
dadurch gekennzelehnet, 

daB die Aktivkohia oder Holztehie des weiteren bis a 20 QeWlchtsproaem Kupfer enthal.. 



bis 7,6 Gewichtsprozem vorhanden fat. 
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6. Verfahren nach Anspruch 1, 2 otter 3, 
dadurch gekermzelchnet 

daS die Kchte wetterhin bis zu 03 Gewchtsprozent Silbwj8nthait 

& Verfahren nach Anspruch 1. 2 odar 3. 
dadurch gekarmzelchnet 
daB dte Kohls wertorhln Kupfar und Sllber anth^rl 

7. Verfshren nach Anspruch 6. 
dadurch gekarmzelchnet. 
daB die Kohls weiterhrn Kupfer rm Bereich von S bis 20 Gewic«sprozent Kupfar und Sllber Im Bereich 
von 0,03 bts 0,1 Gewichtsprozent anth&lt. 

& Gesmaskenvorrfchtung zum Entfemen von Chtercyangas aus elnem CWorcyan onthahenden Lullatrom 
aufwelsand aln Gehduse mft Aktlvkohle odar Holzkohle, 
dadurch gekennzelchnet, 
daB die Aktivtohfe odar Holzkohle wader ein ObergangsjnetatlsaJz elner nichtchelatbtldanden Ksrbon* 
sSure noch Chrorn, jedoch Triathylendiamin ais Ersatz fujr Chrom in oin8r Mange enth§H die wirkeam 
Ghlorcyan entzleht 



9. Vorrichtung nach Anspruch 8, 
dadurch gekennzolchnet. 
daB die AktMcohle odor Holzkohle des weiteren bis zu 20 



ao 10. Vorrichtung nach Anspruch 9, 
dadurch gekennzelchnet 
daB der Kupferpehatt im Bereich von 5 bis 20 QewlchtsprAzent llagt 



Oe w ic h top rozent Kupfer ertthSrt 



30 



11. Vorrichtung nach Anspruch 6, 
dadurch gekarmzalehnat, 
dafi die Aktivkohfe Oder Hol2kohle das wefteren bis zu 0,5 



Gewichtsprozent Silber enthHft 



12. Vorrichtung nach Anspruch 11, 
dadurch gekennzelchnet. 

dafi der SilbergehaJt Im Bereich von 0,03 bis 0,1 G e wi c h ly rozent liegt. 

13. Vorrichtung nach Anspruch B, 
dadurch gekennzelchnet, 
daB die Aktivkohle oder Holzkohle das weiteren Kupfer uni Silber errthSlt. 



14. Vorrichtung nach frgendelnem der AnsprQche 8 bfs 13, 
dadurch gekennzelchnet, 
daS der Gehalt an Tri&thylendiamln Im Bereich von 1,0 bi; 



"» C ^ - — I* ri ^ I 

7 «o wewicmsprozenx negr. 



45 15. Vorrichtung nach Anspruch 14, 
dadurch gekennzelchnet, 
daB der Gehalt an Trtttthylendlamin im Bereich von 2 bis $ Sewtchtsprozent liegt 

16. Typ AS Whetierit-Holzkohle, die mR Triathylendiamin als Ersatz fOr Chrom in etner Menge, die fOr die 
so Entfemung von Chlorcyan aus ernem Chforcyan anthaltenden Uiftatrom wtrksam 1st Impnlgniert ist, 
aber kern Gbergangsmetallsalz einer nicbtchetetWWaridtn ^arbonsBufla enthSTt. 

ftarendications 

66 1. Precede* pour extraire du chlorure de cyanogens d'un cot rant d'alr comonam du chlorure de cyanoge- 
ne. par utilisation d'un liltre contenam du charbon active* <w du charbon de bois. carartgrlse* en oe que 
le charbon active* ou le charbon d bois ne consent ni sal d'un mental da transition d'un ecfde 
carboxyltque non etelatant ni du chrome, mais oontwnt en fait de ta trtethyfenediamlne en remplaee- 
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mem du chroma en une quantity sufflsante pour extraJre (fune manlero efflcace le chlorure de 
cyanogene. 



Z Precede* selon la revendication 1, car8Ct§ris€ en ce que 
quantity comprise entre 1,0 et 7J5 % en poids. 

a Precede' salon la revendication 2, car8Ct£ris€ en ce que 
quantity comprise errtre 4 et 6 % en poids. 
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4. Proce'de' selon la revendication 1, 2 ou 3, caract£ri$6 en oe §ue le charbon active* ou te charbon de bois 
contient en outre, jusqu'a 20 % en poids de cuivre. 

5. Proc&e* eelon la revendication 1, 2 ou 3, caractSrrsg en ce < ue le charbon contient en outre jusqu'a 0,5 
% en poids d'argent 

6. Proc£d£ salon la revendication 1. 2 ou 3, caracteVlse* en cejque le charbon contient en outre du cuivre 
et de ('argent. 

7. Precede" selon la revendication 6, caractSrise* en ce que le (charbon contient en outre de 5 a 20 % en 
poids de cuivre et de 0,03 6 0,1 % en poids d'argent 



la tr&thylenediarnine eat pffisente en une 
la tri^thytenediamine est prisent en une 



a DIsposW de masque a gaz pour 4ifminer le chlorure de cyanogene gazeux so trouvarf dans un courant 
d'air corrtenant du chlorure de cyanogene, qui comprend ipn moyen de boitier oontenant du charbon 
active ou du charbon de bois, ceractSrise' en ce que le 
contient ni sel d'un m^tal de transition d'un oxyde carboxyfibue non ch^latant, nl chrome, mais contient 
en fah de la trtethylenediemine. en remptacement du chrome, en une quantum sufflsante pour extraire 
d'une maniere efficace le chlorure de cyanogene. 



Dlspositff selon la revendication 8, caractgrise" en ce que 
contient en outre Jusqu'a 20 % en poids de cuivre. 



10. DIsposrMf selon la revendication 9, caractertsS en ce que la teneur en cuivre est de 5 a 20 % en poids, 

11. Disposftif seton ta revendication & earacteVise* en ce quejle charbon active" ou fe charbon de bois 
content en outre jusqu'a 0,5 % en poids d'argent. 

12. Disposftif selon la revendication 8. caractense* en ca que li toneur en argent est de 0,03 a 0,1 % en 

poids. 



ia Dispositif selon la revendication 8, caract$rfs6 en ce que 
contient en outre du cuivre et de rargent. 

14. DiaposKiF selon I'une quelconque des revendicatfons 8 a 
trfcthylenediamine est de 1 ,0 a 7J5 % en poids. 



50 



16. Disposftif selon la revendication 14, caractfrfee* en ce que U. teneur en MSthylenedlemine est de 2 a 6 
% en poids. 

16. Charbon de bois, a base de wheBerite. type AS, impnigne* be tri6thytenediamine en remplacement du 
chrome en une quantlte* suffteante pour extraire du chkxure de cyanogens a partr d'un courant d'air 
contenant du chlorure de cyanogene, rnais ne oontenant aucun set d'un m6tal de transition d'un acide 
carboxyllque non chSlatartL 



Is charbon active* ou le charbon de bois 



lo charbon active* ou le charbon de bois 
13, caractirisg en ce que la teneur en 
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